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@ A reformer tube assembly (2) for use in reformer 
reactors (20) including a ceramic tut>e (4) having an 
open top end and a closed bottom end. a corrosive 
resistant liner (8) for said ceramic tube also having 
an open top end and closed bottom end and a 
centrally disposed metal tube (12) having an open 
top end and open bottom end wherein the centrally 
disposed metal tube (12) has a diameter substan- 
tially less than the liner (8) so as to form an annulus 
(34) between the interior of the liner (8) and the 
exterior of the centrally disposed tube (12) in which 
catalyst for the reaction is placed, and the open 
bottom end of the centrally disposed tube (12) is 
spaced away from the closed bottom of the liner (8) 
to allow process gas exiting the catalyst filled an- 
nulus (34) to pass along the closed bottom of the 
liner (8) and up the interior of the centrally disposed 
metal tube (12). 


FIG. 1 
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HELD OF THE INVENTION 

The present invention relates to steam reformer 
furnaces for producing hydrogen rich or synthesis 
gas. More specifically it relates to reformer tubes 
used in reformer furnaces. 

BACKGROUND OF THE INVENTION 

Convective reformer furnaces have long been 
used for catalytic gas reactions including the pro- 
duction of hydrogen rich or synthesis gases. The 
basic design for such reformers can be found in 
United States Patent No. 3,958,951 dated May 25. 
1976. 

Basically, a reformer utilizes an external com- 
bustion chamber having bumers to produce high 
temperature flue gas for providing heat to a series 
of process or reformer tubes in an assembly in- 
cluding a tube sheet attached to the tubes and so 
mounted to retain the tubes in the furnace. The 
reformer tubes generally contain catalyst disposed 
in a portion of the tube through which the feed 
gases are passed for reaction. In the mid to late 
1980's the use of ceramic tubes in convective 
reformers became well known. 

The United States Patent No. 3,958,951, cited 
above, utilizes reformer tubes open at both ends 
and having a central section for containment of the 
catalyst, the product gases being passed into a 
central tube for removal. However, development of 
the reformer furnace led to the use of bayonet 
tubes, closed at one end and open at the other 
end, as generally shown in United States Patent 
No. 4,810,472 dated March 7, 1989. 

The reformer tubes currently known in the art. 
however, have not been completely reliable when 
dealing with a system utilizing high pressure and 
high temperature. It is therefore an object of the 
present invention to provide an improved reformer 
tube for use with steam reforming in convective 
reformers under high temperature and pressure. 

SUMMARY OF THE INVENTION 

This and other objects are achieved by the 
stean^methane reformer tube assembly of the 
present invention for use in convective reformer 
reactors having feed gas inlet means, product gas 
outlet means, a plurality of reformer tubes coop- 
erating with said inlet and outlet means, and means 
for supplying a heating medium to the exterior of 
the reformer tubes, said reformer tutjes comprising 
a ceramic tube having an inner diameter, an outer 
diameter, an open top end, a closed bottom end 
and means for support attached essentially at said 
open end, a corrosion resistant liner having an 
inner diameter, an outer diameter which is essen- 


tially the same diameter as the inner diameter of 
the ceramic tube at operating temperature, an open 
top end, a closed bottom end. and a centrally 
disposed metal tube having an inner diameter, an 

5 outer diameter, an open top end, an open l)ottom 
end and means for support attached essentially at 
the open top end wherein the open txtttom end of 
the centrally disposed metal tube does not touch 
the bottom closed end of the liner and further 

10 wherein the centrally disposed metal tut>e has an 
outer diameter substantially less than the inner 
diameter of the liner thereby forming an annulus 
therebetween in which a catalyst is disposed such 
that during operation feed gas is introduced to the 

75 catalyst b>etween the liner and the centrally dis- 
posed metal tube for reaction to form product gas- 
es which pass between the bottom open end of the 
centrally disposed metal tube and the closed bot- 
tom end of the liner and are removed up the inside 

20 of the centrally disposed metal tube and out of the 
reformer reactor through the product gas outlet. 

The liner of the present invention is in the form 
of a metal or non-metal coating on the interior of 
the ceramic tube or an independent metal liner 

25 tube which has an outer diameter that is less than 
the inner diameter of the ceramic tube at room 
temperature but essentially the same as the inner 
diameter of the ceramic tube at operating tempera- 
ture. 

30 The present invention provides a corrosion bar- 

rier t>etween the ceramic tube and the constituents 
within the process gases, most notably steam, 
which tend to corrode the ceramic. 

Furthermore, a synergistic effect is found be- 

35 tween the use of the ceramic tube and liner. The 
ceramic tube provides structural strength, integrity 
and thermal characteristics necessary to perform a 
reforming process at higher temperatures of about 
2300 " F and greater, where most metals would not 

40 be useful, resulting in higher efficiencies. The liner 
provides corrosion resistance not found in the pre- 
ferred ceramic material. Additionally, the reforming 
process can proceed at a high pressure differential 
across the wall of the ceramic tube and liner, I.e. 

45 AP in the order of 600 psi or greater. 

DESCRIPTION OF THE DRAWINGS 

The attached drawing figures, in which like 
50 reference characters represent like parts, are in- 
tended to illustrate the invention for a better under- 
standing thereof. The embodiments shown are not 
intended to limit the invention in any manner what- 
soever. 

55 FIGURE 1 is a cross-sectional elevation of the 

reformer tube of the present invention using a 
metal liner tube. 
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FIGURE 1A is a cross-sectional elevation of an 
alternative emtxxdiment of ttie reformer tabe of the 
present invention using a metal tube liner having a 
metal end on the ceramic tube for connection to 
the support means. 

FIGURE 2 is a cut-away elevation of a convec- 
tive reformer reactor In which the reformer tubes of 
FIGURE 1 are shown. 

FIGURE 3 is a cut-away plan view of the pre- 
ferred tube sheets supporting the reformer tubes of 
FIGURE 1. 

FIGURE 4 is a cross-sectional elevation of the 
reformer tube of the present invention using a 
corrosion resistant metal or non-metal coating. 

FIGURE 4A is a cross-sectional elevation of an 
alternative emtxtdiment of the reformer tube of the 
present invention using a corrosion resistant metal 
or non-metal coating having a metal end on the 
ceramic tube for connection to the support means. 

DETAILED DESCRIPTION OF THE INVENTION 

The reformer tub>e 2 of the present invention 
seen in FIGURE 1 comprises a ceramic tube 4 
supported at its open end by a lower tube sheet 6, 
a metal liner tube 8 supported by a middle tube 
sheet 10 and a centrally disposed tube 12 open at 
both ends and supported by an upper tube sheet 
14. Alternatively, as seen in FIGURE 4, the ceramic 
tube 4 has a metal or non-metal coating 9 on the 
interior thereof eliminating the need for the middle 
tube sheet 10. 

The tube sheets 6, 10 (when used) and 14 are 
preferably metal, as is the central tube 12. The 
central tube 12 and the metal liner tube 8 are 
preferably attached to the metal upper and middle 
tube sheets 14 and 10, respectively, by perimeter 
welds 16 to form a gas impermeable seal. Simi- 
larly, the ceramic tube 4 is attached to the metal 
lower tube sheet 6 by a ceramic/metal joint 18 
at>out the perimeter of the ceramic tube 4 to form a 
gas impermeable seal, as generally described in 
United States Patent No. 4,642,864. 

Another alternative, as shown in FIGURES 1A 
and 4A, utilizes a ceramic tube 4 which terminates 
in a metal end 50 of equal diameter to the ceramic 
tube 4. The metal end 50 is attached to the lower 
tube sheet 6 by a weld 16 rather than necessitating 
the use of a ceramic metal joint 18 about the outer 
diameter of the ceramic tutje 4 at the lower tube 
sheet 6. The metal end 50 is attached to the 
ceramic portion of the ceramic tube 4 preferably 
using a ceramic metal joint in the form of a butt 
joint 52, as being developed by DuPont Lanxide, 
Inc. 

The structure of the present Invention is most 
preferred wherein the ceramic tube 4, the liner tube 
8 (when used) and the centrally disposed metal 


tube 12 are fixed at only one point, i.e. at the 
support means comprising tube sheets 6. 10 (when 
used) and 14. allowing for limited movement during 
temperature changes and operation. Further, the 
5 support means at which the components are fixed 
are at the coolest point of the reformer reactor, 
limiting extreme conditions which could lead to 
failure. 

The ceramic tube 4, metal liner tube 8 or 

10 coating 9. central tube 12. as well as the tube 
sheets 6, 10 and 14, welds 16 and joints 18 are 
capable of maintaining an internal pressure of at 
least 600 psig at operating temperatures, with op- 
erating pressures of 50 to 600 psig, and preferably 

75 1 20 to 300 psig contemplated. 

The ceramic tube 4 is closed at the bottom and 
is preferably made from alpha silicon carbide, such 
as HEXOLOY SA available form Carit>orundum, Inc., 
but can also be made from composite materials 

20 based on silicon caribide, including comFX)sites 
made from the Langside DIMOX process available 
from DuPont Lanxide. Inc., reaction trended silicon 
carbide, silicon nitride, alumina or alumina/silicon 
carbide composites. The outer diameter (o.d.) of 

25 the ceramic tube 4 is preferably from about 2 1/2" 
to about 6" and most preferably at)out 3 1/2" with 
the inner diameter (i.d.) being from about 1/4" to 
about 2" less than the o.d., the i.d. most preferred 
being about 3" when the o.d. is about 3 1/2". The 

30 length of the ceramic tube 4 is preferably from 
about 20 to about 40 feet. 

The thickness of the metal liner tube 8 shown 
in FIGURES 1 and 1A is preferably in the range of 
from about 0.05 to about 0.125 inches along the 

35 sides and the closed kjottom. As shown in FIG- 
URES 1 and 1A, the open top of the metal liner 
tube 8 preferably extends beyond the open top of 
the ceramic tube 4 and is engaged by a middle 
tube sheet 10, sealed about its perimeter by a weld 

40 16 as shown in FIGURES 1 and 3. 

The metal liner tube 8 is preferably made of 
nickel, INCOLOY 800HT available from Inco Inter- 
national, types 304H or 31 6H stainless steel, alloys, 
or any other suitable metal which acts as a barrier 

45 to corrosion by the constituents of the process gas 
flowing therein. The metal liner tube 8 of FIGURES 
1 and 1 A has an o.d. slightly less than the i.d. of 
the ceramic tube 4 at room temperature, leaving a 
small space between the i.d. of the ceramic tube 4 

50 and the o.d. of the metal liner tube 8 to allow the 
metal liner tube 8 to expand during heating. When 
the temperature of the reformer tube 2 is increased 
to its operating temperature, the diameter of the 
metal liner tube 8 will expand more than the diam- 

55 eter of the ceramic tube 4 and the o.d. of the metal 
liner tube 8 will generally contact the i.d. of the 
ceramic tube 4. 
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The metal or non-metal coating 9 shown in 
FIGURES 4 and 4A is a flash coating of from about 
0.0005 to about 0.001 inch thick at the walls and 
across the bottom of the interior of the ceramic 
tube 4. Since the coating 9 is applied to the ce- 
ramic tube 4, there is no need for separate support 
means such as the middle tube sheet 10, used in 
the embodiment shown in FIGURES 1 and 1A. 
Additionally, since the coating 9 is so thin, expan- 
sion of the metal coating over that of the ceramic 
tube 4 is not a concern. 

Although the coating 9 is shown to reach the 
open end of the ceramic tube in FIGURES 4 and 
4A it is understood that the coating can go over the 
open end in FIGURE 4 and need go only beyond 
the ceramic/metal butt joint 52 in FIGURE 4A to 
provide the necessary corrosion resistance. 

The coating 9 is made of a con^osion resistant 
metal or non-metal. For a metal coating, the metals 
listed above for the metal liner tube 8 are also 
prefenred for use as the coating 9. The metal 
coating 9 is applied to the interior of the ceramic 
tube 4 using a plasma spray, or most preferably by 
electroless nickel coating when a nickel coating is 
desired. 

Non-metals preferred for use as the coating 9 
include aluminas, alumina nitride, zirconia and ce- 
ramic materials which are more corrosive resistant 
in the operating environment than the ceramic tube 
4, depending on the desired reaction. These non- 
metals are applied by plasma spray or by slip or 
gel casting in the ceramic tube 4. 

The central tube 12 is made of a metal or 
metal alloy and is preferably formed of nickel, 
INCONEL 617. INCOLOY 800H or INCOLOY 
800HT, each available from Inco International, with 
INCOLOY 800HT being most prefenred. The o.d. of 
the central tube 12 is substantially less than the i.d. 
of the liner 8 or 9, thereby forming an annulus 34 
between the inside of the liner 8 or 9 and the 
outside of the central tube 12. The annulus 34 is 
packed with catalyst for the reaction, suspended 
upon a grid 36 which extends between the interior 
of the metal liner 8 and the outside of the central 
tube 12 in close proximity to the tx)ttom open end 
of the central tube 12. 

Any catalyst in particulate form may be used, 
depending on the desired results of the reaction. 
The typical catalyst for steam-methane reforming is 
a nickel based catalyst on an alumina substrate. 
The holes of the grid 36 should be sized smaller 
than the catalyst particles which range from about 
1/4 to about 5/8 inch across. 

The central tube 12 is placed within the liner 8 
or 9 of the reformer tube 2 so that the bottom open 
end of the central tube 12 does not touch the 
bottom closed end of the liner 8 or 9. The opening 
between the bottom open end of the centra! tube 


12 and inside closed end of the liner 8 or 9 allows 
process gases to exit the catalyst bed in the an- 
nulus 34 and pass to the interior of the central tube 
12 for removal to the product gas outlet 26. In 
5 practice, the space between the open bottom of the 
central tube 12 and the closed bottom of the liner 8 
or 9 is maintained as a certain dimension during 
operation of the reformer 20. 

Preferably, the space between the open bottom 
70 end of the central tube 12 and interior of the closed 
bottom end of the liner 8 or 9 is approximately 
equal to the width of the annulus between the 
exterior of one side of the central tube 12 and its 
cooperating interior side of the liner 8 or 9. There- 
75 fore, using the preferred dimensions wherein the 
ceramic tube 4 has a 3 1/2" o.d. and a 3" i.d., the 
liner 8 or 9 is less than approximately 0.1 inch 
thick, and the central tube 12 has a 1" o.d., the 
space between the open tx)ttom end of the central 
20 tube 12 and the interior surface of the closed 
bottom end of the liner 8 or 9 is in the range of 
from about 1/2 inch to about 6 inches and is most 
preferably about 1 inch. 

As stated above, the tube sheets 6, 10 and 14 
25 are preferably metal with type 304H or 31 6H stain- 
less steel or INCOLOY 800H for tube sheet 6, type 
304H stainless steel or 2 1/4 Cr-1 Mo steel for tube 
sheet 10 (when used) and 2 1/4 Cr-1 Mo or 1 1/4 
Cr-0.5 Mo steel for tube sheet 14, or equivalents. 
30 being most preferred. The distance between the 
lower tube sheet 6 and the middle tube sheet 10 in 
FIGURES 1 and 1A need not be any specific 
distance but is preferably from about 1 to about 3 
feet when using reformer tubes 2 of a prefenred 
35 length, utilizing ceramic tubes 4 having a length of 
from about 20 to about 40 feet. The distance from 
the middle tube sheet 10 to the upper tube sheet 
14 in FIGURES 1 and 1A is wide enough to allow 
catalyst loading and unloading as well as unrestric- 
40 ted feed gas flow to the annulus 34. and is prefer- 
ably from about 3 to about 6 feet. When a coating 
9 is used rather than the metal liner tube 8. as 
shown in FIGURES 4 and 4A, the middle tube 
sheet 10 is not used and the distance between the 
45 upper sheet 14 and lower tube sheet 6 is prefer- 
ably from about 3 to about 6 feet, again to allow 
catalyst loading and the unrestricted feed gas flow. 

The reformer tubes 2 of the present invention 
are intended for use with any compatible reformer 
50 reactor. A generic representation of a reformer re- 
actor 20 contemplated for use with the reformer 
tubes hereof is shown in FIGURE 2. The reactor 20 
basically comprises a shell 22 having a feed gas 
inlet 24. a product gas outlet 26. an inlet 28 at the 
55 bottom of the reactor 20 for the heating medium, 
i.e. hot flue gas, to enter a heated section 30 
through a perforated flue gas distributor 45 and one 
or more flue gas exhausts 32. The heated section 
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30 defined at the bottom by the distributor 45 and 
the top by the lower tube sheet 6 is where essen- 
tially all of the length of the ceramic tubes 4 of the 
reformer tubes 2 are located. Flue gas exhausts 32, 
located at or near the top of the heated section 30. 
remove the heating medium after It has transferred 
at least a portion of its heat to the reformer tubes 
2, thereby providing the heat of reaction. 

To withstand the heat of the hot flue gas enter- 
ing chamber 30, the perforated distributor 45 is 
preferably made of a ceramic material such as 
those listed for use in the ceramic tube 4. 

During operation in the most preferred embodi- 
ment, feed gas is introduced into the reformer 20 
through inlet 24 into the chamber 38 defined by the 
bottom of the upper tube sheet 14 and the top of 
middle tube sheet 10 In FIGURES 1 and 1A, or the 
top of the lower tube sheet 6 in FIGURES 4 and 
4A, at a constant pressure of about from about 50 
to about 600 psig. and most preferably at from 
about 120 to about 300 psig. 

Feed gas in chamber 38 is passed down 
through the catalyst bed in annulus 34 where it is 
heated and reacts with the aid of the catalyst to 
form the product gas. The heat provided for the 
reaction comes from hot flue gas. externally gen- 
erated at pressure, fed into chamber 30 through 
the bottom heating medium inlet 28 of the reactor 
20. or internally generated as described in United 
States Patent No. 3,958,951. The hot flue gas flows 
through the perforated gas distributor 45 upward, 
counter-current to the process gas in the catalyst 
filled annulus 34 and, after a portion of the heat of 
the flue gas has been removed, exits at or near the 
top of chamber 30 and out of the reformer 20 
through flue gas outlets 32. 

The reforming operation is generally can'ied 
out using hot flue gas entering the chamber 30 at 
temperatures of about 2300 • F or higher. The pres- 
sure of the heating medium can be any suitable 
pressure but is preferably from about 120 psig to a 
pressure equal to that of the feed on the interior of 
the tube, i.e. 300 psig in this example. As the hot 
flue gas passes over the reformer tubes 2 and 
transfers heat to the tubes 2, the temperature 
drops to temperatures from about 1050*F to about 
ISOO'F by the time it exits chamber 30. The 
temperature drop depends at least in part to the 
length of the tubes 2 wherein when the tubes are 
shorter, the exiting flue gas temperature is higher, 
requiring higher temperature seals and compo- 
nents. 

Although the o.d. of the metal liner tube 8 
shown in FIGURES 1 and 1 A does not contact the 
i.d. of the ceramic tube 4 at room temperature, at 
the operating temperature the o.d. of the metal 
liner tube 8 generally makes contact with the i.d. of 
the ceramic tube 4 because the ceramic does not 


expand as much as the metal when heated to 
operating temperature. Therefore, at the operating 
temperature the o.d. of the metal liner tube 8 is 
substantially the same as, and generally contacts, 

5 the i.d. of the ceramic tube 4. 

Of course, the metal or non-metal coating 9 
shown in FIGURES 4 and 4A is always in contact 
with the ceramic tube 4. 

The central tube 12 is preferred to have an o.d. 

10 of about 1 " under the above parameters, and. as 
such, the catalyst filled annulus 34 tjetween the 
outer wall of the central tube 12 and the inner wall 
of the liner 8 or 9 is preferably maintained at about 
1" during operation. 

75 The process gas, having passed through the 

catalyst bed in annulus 34 and across grid 36, 
changes direction at the closed end of the liner 8 
or 9, around the open bottom end of the central 
tube 12. and proceeds up the central tut>e 12. The 

20 product gas then exits the open top end of the 
central tube 12, atxjve the upper tube sheet 14, 
into the chamber 40 and out the product gas outlet 
26. 

The pressure of the feed gas entering the 
25 annulus 34 is usually greater than the pressure on 
the outside of the ceramic tube 4. and is main- 
tained throughout the reforming operation. For ex- 
ample, the pressure of the feed gas would be 300 
psig and the pressure of the heating medium on 
30 the outside of the ceramic tube 4 would be 120 
psig. However, operation with essentially equal 
pressure on the inside and outside of the ceramic 
tube 4, or any amount in between, is a suitable 
alternative. 

35 At the feed gas pressure and dimensions of the 

preferred embodiment set forth above, the reaction 
time of the process, i.e. from when the feed gas 
enters the annulus 34, thereby contacting the cata- 
lyst under high temperatures, to when the product 

40 gas exits the annulus 34 is about 2 seconds. The 
hot product gas. at a temperature of about 1900* F, 
passes up the central tube 12 and is cooled as it 
transfers heat to the annulus 34. 

The higher processing temperatures achievable 

45 using ceramics result in neariy complete, i.e. over 
99%. conversion of the methane feed gas com- 
pared to only abut 85% conversion in conventional 
reformers limited by the upper temperature limits 
of metal tut)es. The ceramic wall temperature can 

50 approach 2300 -F (using 2300 'F flue gas), allow- 
ing process outlet temperatures at the bottom of 
the annulus 34 of about 1900* F. In comparison, 
state of the art metal tubes are limited to about 
1850'F wall temperatures, at reforming conditions, 

55 and allow processing temperatures of only about 
1600-F. 

Although the present invention has been de- 
scribed in its preferred embodiment, all variations 
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obvious to one skilled in the art are intended to fall 
within the spirit and scope of the invention, linnited 
only by the appended claims. All patents cited 
herein are hereby incorporated by reference. 

Claims 

1. A reformer tube assembly (2) for use in con- 
vective reformer reactors (20) having feed gas 
inlet means (24), product gas outlet means 
(26), a plurality of reformer tubes cooperating 
with said inlet (24) and outlet (26) means, and 
means (28 and 45) for supplying a heating 
medium to the exterior of the reformer tubes 
(2). said refomner tubes (2) comprising a ce- 
ramic tube (4) having an inner diameter, an 
outer diameter, an open top end, a closed 
bottom end and a means (6) for support at- 
tached essentially at said open end, a corro- 
sion resistant liner (8 or 9), conforming sub- 
stantially to the shape of the interior of the 
ceramic tube, having an inner diameter, an 
outer diameter essentially equal to the inner 
diameter of the ceramic tube at operating tem- 
perature, an open top end. a closed t)Ottom 
end. and a centrally disposed metal tube (12) 
having an open top end, and open bottom end 
and a means for support (14) attached essen- 
tially at the open top end wherein the open 
bottom end of the centrally disposed metal 
tube (12) does not touch the bottom closed 
end of the liner (8 or 9) and further wherein the 
centrally disposed metal tube (12) has an outer 
diameter substantially less than the inner diam- 
eter of the liner (8 or 9) thereby forming an 
annulus (34) therebetween in which a catalyst 
is disposed wherein during operation feed gas 
is introduced to the catalyst in the annulus (34) 
between the liner (8 or 9) and the centrally 
disposed metal tube (12) for reaction to form 
product gases which pass between the open 
bottom end of the centrally disposed metal 
tube and the closed bottom end of the liner (8 
or 9) and are removed up the inside of the 
centrally disposed metal tube (12) and out the 
reformer reactor (20) through the product gas 
outlet (26). 

2. The reformer tube assembly of claim 1, 
wherein the ceramic tube (4) is made from a 
material taken from the group consisting of 
alpha silicon carbide, reaction bonded silicon 
carbide, silicon nitride, alumina, alumina/silicon 
carbide composites and like composites based 
on silicon carbide. 

3. The reformer tube assembly of claim 1, 
wherein the ceramic tube (4) has an outer 


diameter of about 3 1/2", an inner diameter of 
about 3" and a length of from about 20 to 
about 40 feet. 

5 4. The reformer tube assembly of claim 1, 
wherein the op>en end of the ceramic tube (4) 
further comprises a metal end (50) for attach- 
ment to the means of support (6). 

10 5. The reformer tube assembly of claim 1, 
wherein the liner comprises a metal liner tube 
(8) having an outer diameter which is less than 
the inner diameter of the ceramic tube (4) at 
room temperature and wherein the open end 

75 extends beyond the open end of the ceramic 

tube (4) but not so far as the top open end of 
the central tube (12) and further comprises 
means (10) for support attached essentially at 
the open end of the metal liner tube (8). 

20 

6. The refonmer tube assembly of claim 5, 
wherein the metal liner tube (8) is made of a 
material taken from the group consisting of 
nickel. INCOLOY 800HT, type 304H stainless 

25 steel, type 31 6H stainless steel or the like. 

7. The reformer tube assembly of claim 6, 
wherein the metal liner has a thickness of 
about 0.05 to about 0.125 inches. 

30 

a The refonner tube assembly of claim 1, 
wherein the liner comprises a metal coating (9) 
on the interior of the ceramic tube. 

35 9. The reformer tube assembly of claim 8, 
wherein the metal coating (9) is made from a 
metal taken from the group consisting of nick- 
el, INCOLOY 800HT. type 304H stainless steel, 
type 31 6H stainless steel or the like. 

40 

10, The reformer tube assembly of claim 8, 
wherein the coating (9) thickness is in the 
range of from about 0.0005 to about 0.001 
inch. 

45 

11. The refonmer tube assembly of claim 1, 
wherein the liner comprises a non-metal coat- 
ing (9) on the interior of ceramic tube. 

50 12. The reformer tube assembly of the claim 11, 
wherein the non-metal coating (9) is taken from 
the group consisting of aluminas, alumina 
nitride, zirconia, ceramics, and ceramic com- 
posites. 

55 

13. The reformer tube assembly of claim 10, 
wherein the coating (9) thickness is in the 
range of from about 0.0005 to about 0.001 
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inch. 

14. The reformer tube assembly of claim 1. 
wherein the centrally disposed tube (12) is 
made of a metal alloy take from the group 
consisting of INCONEL 617. INCOLOY 800H. 
INCOLOY 800HT and the like. 

15. TTie reformer tube assembly of claim 1, 
wherein the centrally disposed metal tube (12) 
has an outer diameter of about 1 


19. The reformer tube assembly of claim 18. 
wherein the upper tube sheet (14) is made of a 
metal taken from the group consisting of 2 1/4 
Cr-1 Mo steel. 1 1/4 Cr-0.5 Mo steel and the 
like. 

20. The reformer tube assembly of claim 19. 
wherein the upper tube sheet (14) is sealed to 
the outer perimeter of the centrally disposed 
tube with a weld (16). 

21. The reformer tube assembly of claim 18. fur- 
ther comprising a contained outlet chamber 
(40) defined at the top by the top of the 
reformer reactor and at the bottom by the 
upper tube sheet (14), said chamber being in 
flow communication with the interior of the 
centrally disposed metal tubes (12) from which 
the product gases emerge and the product gas 
outlet (26) from which the product gases exit 
the reactor. 

22. The reformer tube assembly of claim 5, 
wherein the means to support the metal liner 
tube (8) comprises a middle tube sheet (10) 
sealed about the outer perimeter of the metal 
liner tube. 


23. The reformer tube assembly of claim 22. 
wherein the middle tube sheet (10) is made of 
a metal taken from the group consisting of 
type 304 stainless steel, 2 1/4 Cr-1 Mo steel 

5 and the like. 

24. The reformer tube assembly of claim 23. 
wherein the outer perimeter of the metal liner 
tube (8) is sealed to the middle tube sheet with 

10 a weld (16). 

25. The reformer tube assembly of claim 22. fur- 
ther comprising a contained outlet chamber 
(40) defined at the top by the top of the 
reformer reactor and at the bottom by the 
upper tube sheet, said chamber being in flow 
communication with the interior of the centrally 
disposed metal tubes (12) from which the 
product gases emerge and the product gas 
outlet from which the product gases exit the 
reactor wherein the means to support the met- 
al liner tube (8) comprises a middle tube sheet 
(10) sealed about the outer perimeter of the 
metal liner tube (8), said reformer tube assem- 
bly further comprising a contained inlet (38) 
chamber, defined by the space between the 
middle tube sheet and the upper tube sheet, 
which is in flow communication with the feed 
gas inlet (24) and the annulus (34) between the 
metal liner tube (8) and centrally disposed 
metal tube (12). 

26. The reformer tube assembly of claim 25, 
wherein the distance between the upper tube 

35 sheet (14) and the middle tube sheet (10) is 

from about 3 to about 6 feet. 

27. The reformer tube assembly of claim 1, 
wherein the means of support of the ceramic 

40 tube (4) is a lower tube sheet (6). 

28. The reformer tube assembly of claim 27. 
wherein the lower tube sheet is made of a 
metal taken from the group consisting of type 

45 304H or 31 6H stainless steel, INCOLOY 800H 

and the like. 

29. The reformer tube assembly of claim 28. 
wherein the outer perimeter of the ceramic 

50 tube (4) is sealed to the lower tube sheet (6) 

with a ceramic/metal joint (18) about the outer 
perimeter of the ceramic tube. 

30. The reformer tube assembly of claim 27. fur- 
55 ther comprising a contained feed inlet chamber 

(38) defined at the top by the upper tube sheet 
(14) and at the bottom by the lower tube sheet 
(16), said chamber being in flow communica- 


16. The reformer tube assembly of claim 15, 
wherein the distance between the open bottom 
end of the centrally disposed metal tube (12) 75 
and the closed end of the liner (8 or 9) is 
maintained at from at)out 1/2" to about 6" 
during operation. 

17. The reformer tube assembly of claim 1, 20 
wherein the open top end of the centrally dis- 
posed metal tube (12) extends above the open 
end of the ceramic tube (4). 

18. The reformer tube assembly of claim 1, 25 
wherein the means (14) to support the centrally 
disposed metal tube is an upper tube sheet 
sealed around the outer perimeter of the cen- 
trally disposed metal tube (12). 
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tion with the annulus (34) between the liner (8 
or 9) and the centrally disposed tut>e (12) and 
the feed gas inlet (24) to the reactor. 

31. The refomner tube assembly of clainr) 30, 5 
wherein the distance from the upper tube 
sheet (14) to the lower tube sheet (6) is from 
about 3 to about 6 feet. 

32. The reformer tube assembly of claim 4. io 
wherein the means of support of the ceramic 
tube (4) is a lower tube sheet (6). 

33. The reformer tube assembly of claim 32, 
wherein the lower tube sheet (6) is made of a 75 
metal taken from the group consisting of type 
304H or 31 6H stainless steel. INCOLOY 800H 

and the like. 

34. The reformer tube assembly of claim 33. 20 
wherein the outer perimeter of the metal end is 
sealed to the lower tube sheet (6) with a weld 
(16). 
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FIG. 1 
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FIG. 2 
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FIG. + 
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FIG. 4A 
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